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TABLE 16.1. Summary ot adhesion molecules ìnvolved in leukocyte-endothelial celi interaction 



Adhesion molecule 


Distribution 


Ligands and 
counter-receptors 


Function 


L-selectin (CD62L) 

E-Selectin (CD62E) 
P-selectin (CD62P) 


Ali leukocytes except 
effector and mGmory 
effector T cells 

Endothelial cells 

Endothelial cells, platelets 


PNAd, MAdCAM-1, PSGL-1, 
E-selectin, P-selectin 

PSGL-1, ESL-1, CD44*, 

CD43* (*CLA decorated) 
PSGL-1, PNAd 


Rolling 

Rolling 
Rolling 


Selectin ligands 








sLe* 
PSGL-1 
PNAd 
CLA 


Myeloid cells, some 

memory T cells, HEVs 
Ali leukocytes 

HEV, some sites of chronic 

inflammation 
Skin-homing T cells, DCs, 

granulocytes 


Ali selectins 

AH selectins (essential 
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L-selectin, P-selectin 
E-selectin 
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Rolling 
Rolling 


Integrins 








a lP 2 (IPA-1; CD11a/CD18) 
a mP 2 (MAC-1; CD11b^D18) 

U x P 2 (pi 50,95; CD1 1 c/CDI 8} 
a DP2fCD11d/CD18) 

a <P 1 (VLA-4) 
U 4P7CLPAM-1) 


Ali leukocytes 
Granulocytes, monocytes, 

some actìvated T cells 
DCs 
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eosinophils 
Most leukocytes 
Lymphocytes, NKCs, mast 

cells, monocytes 


ICAM-1, ICAM-2, JAM-A 
ICAM-1, fibrinogen, C3b, 

JAM-C 
Fibrinogen, C3b 

ITAM 1 VrAM 1 
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VCAM-1, fibrinogen, JAM-B 
MAdCAM-1, fibronectin, 
VCAM-1 


Adhesion, transmigration 
Adhesion, transmigration 

adhesion 
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Immunoglobulin superfamily 








ICAM-1 (CD54) 
ICAM-1 (CD102) 
VCAM-1 (CD106) 
MAdCAM-1 
PECAM-1 

JAM-A 

JAM-B 
JAM-C 


Most types of cells 
Endothelial cells, platelets 
Endothelial cells 
HEVs in PP andMLN 
Endothelial cells, platelets, 

leukocytes 
Endothelial cells, 

epithelial cells, platelets, 

most leukocytes 
Endothelial cells, HEVs 
Endothelial cells, HEVs 

platelets, monocytes, 

DCs, some T cells 


LFA-1 Mac-1, fibrinogen 
LFA-1 Mac-1 
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PECAM-1 
JAM-A 

JAM-B, JAM-C 
JAM-C, JAM-B 


Adhesion, transmigration 
Adhesion, transmigration 
Rolling, adhesion 
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Transmigration 
Transmigration 

Transmigration 
Transmigration 
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Figure 1 . The genetic basis for leukocyte adhesion deficiency (LAD) syndrornes. LAD I is due to mutations in p 2 integriti, essential 
for firm adhesion. LAD II is secondary to the absence of the selectin fucosylated ligands that are needed for initiating the rolling 
phase. LAD III is due to mutations in kindlin-3, a cruciai component for ali integrin activation. 
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Leukocyte adhesion deficiency (LAD) is a rare primary immunodeficiency; fewer than 200 patients have been reported in the 
literature. The clinical picture is characterized by marked leukocytosis and localized bacterial infections that are difficult to detect 
until they have progressed to an extensive level secondary to lack of leukocyte recruitment. Thus the infections in patients with LAD 
act similarly as those observed in patients with neutropenia. 

LAD type I (LAD I) is a failure to express CD18 (aMb2 and aLb2), which forms the receptor for C3b with CD11b and is expressed on 
myeloid and lymphoid cells. CD18 also forms receptors belonging to Q>2 integrin family with CD11a and CD11c. Most patients with 
LAD I express no CD18 on lymphocytes, macrophages, and neutrophils. These patients succumb to life-threatening infection, 
usually within 2 years of life. Some patients have a milder form of LAD I and express approximately 5-1 0% of the usuai CD1 8 levels 
on leukocyte celi surfaces. LAD I is an autosomal recessive disorder caused by mutations in the gene that codes for CD18, the R> 
chain of Q>2 integrins, mapped to chromosome arm 21q22.3. In 50% of LADI patients, the gene defects are point mutations of CD18; 
missense, nonsense, and splice mutations comprise the remainder. Usually, the alleles have 2 distinct mutations. LAD I variants 
with CD18 that is nonfunctional because of abnormal conformational changes have also been described. 

LAD type II (LAD II) is extremely rare; less than 10 cases have been reported. It is a defect in the expression of ligands for selectins. 
Patients have leukocytosis, recurrent infections (more prominent in infants and toddlers), and severe growth and mental retardation. 
This disease is a defect in fucose metabolism that results in failure to express the ligand for E and P selectin, sialyl Lewis-X 
(CD15s), which is expressed on leukocytes and endothelial cells. The patients are unable to fucosylate other glycoproteins, 
including the H blood group polysaccharide. Patients with LAD II manifest the Bombay phenotype (ie, negative for O and H blood 
group antigens with potential production of anti-H antibody). The immunoglobulin M (IgM) and immunoglobulin G (IgG) heavy chains 
are also not fucosylated. IgM and IgG serum levels are within the reference range in patients with LAD II. A LAD II variant with an 
absence of cell-associated E selectin but with the presence of the soluble E selectin has also been reported. 



Another reported type of LAD (LAD type III) involves dysfunction in platelet aggregation in addition to a defect in leukocyte 
adhesion. Thus, patients with this type of LAD manifest both severe bacterial infections and bleeding disorder. This LAD variant is 
associated with defective expression of Kndlin-3, a key regulator of inside-out integrin activation, associated with a pathologic 
disorder in leukocyte integrin function. These defects also impair platelet aggregation, leading to bleeding disorders. 




Table 1 Leukocyte adhcs D 
dcficiency syndron 





LAD I 


LAD n 


LAD in 


V» Illudili 1 1 Idi 1 11 ~w.Mdl 1 \f 1 1 








1 1? ****** 1 1 rr «~*ri f c *"* v i*rt* i ri fY^f n~\t\ c 
■ IxttU II LUI M>tlt IIIIL-LIKMI > 


III 
■ i i 




~ 1 


P#"*r i rwi a r i f i f ì £ 

iCl R.PLl'U 1 1 1 1 H > 


++ 


4.4. 




1 Skin infcction 

■ àJ IV 1 1 1 HAI vv U \ ' 1 1 


++ 


+ 


— ++ 1 


Delaved scn arati ori of the Umbilical cord 








D v t**l nn rti mi Ini uh imn ti filiti i^s; 

1-/ v- > v. IV JI f 1 1 IV, l lieti di ' 1 IV fi 1 1 Idi 1 1 lv-r> 




+++ 




Y\ 1 1 i f ì o tv* ri H i^n i**v 

O IvAAJ J l 1 — Lv. 1 Ili e l 1 v_ * 






+++ 


J /l/l/ìfVl//> f-| ♦ /« ;»i//i iirrv' 








Nl^ntronhilip 

l ^1 V illi Vii il 11 1 ld 




+++ 


+++ 






1 or Ahc^nf 

^, ± ± Vii /AUM-IH 


N 


N 




SLeX expression 


N 


AbsL.-m 


N 




Neutrophil rolling 


N 


Ili 


N 




Neutrophil adhcrcnce 


iU 


i 


Ui 




Platelet aggregation 


N 


N 


ili 


Primary genetìc defeci 


-KITGB2) 


+(FUCT1) 


-KKindlin 


3) 



Fattori che inibiscono \' adesione 

Prostacicline 

fattori che aumentano l'AMPc 
Anestetici locali 

Cortisonici e altri antiinfiammatori 



Prospettive terapeutiche 

Anticorpi monoclonali quali inibitori della migrazione delle cellule coinvolte 
nella generazione della flogosi; 
peptidi inibitori 



Multi-step model of leukocyte 
migration through endothelium (b) 




MIGRAZIONE DEI LEUCOCITI NELL'INFIAMMAZIONE 
MOVIMENTO DEL LEUCOCITA EXTRAVASATO 

- II leucocita arriva all'esterno in uno stato attivato (produce radicali liberi 
dell'ossigeno, secerne molecole contenute nei granuli e mediatori proinfiammatori 
neoformati) che viene mantenuto dalla adesione via integrine al collageno, alla 
fibronectina, e ad altre molecole della matrice connettivale. 

- In questa condizione, il leucocita risponde alla presenza (sotto forme di gradiente) di 
fattori chemiotattici prodotti nel sito di danno tissutale e/o dall'agente batterico 
responsabile dell'infiammazione e da altre condizioni (p.es. dall' attivazione del 
complemento, del fattore di Hagemann). 



- Tale risposta consiste nel movimento chemiotattico verso l'agente eziologico o verso il 
sito di danno cellulare dove è necessaria una funzione difensiva da parte del leucocita 
(fagocitosi, digestione del materiale necrotico, ecc.). 
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1. Selectin-mediated rolling 



2. Chemoattractant signaling 




Selectms 



3. Integrin-mediated firm adhesion 



Chemoattractant 



4. Migration along 
chemotactic gradient 



Mast cells 
Macrophages — Histamine 



5. Stimulation of 
mediator release 



Proteases 



Myeloperoxidase 



Points 1-3 involve the multistep 
adhesion cascade of leukocyte binding 
to endothelium. Chemoattractants 
(green dots) signal chemoattractant 
GPCRs such as chemokine receptors or 
C5aR, leading to integrin activation and 
firm adhesion. Chemoattractants also 
attract leukocytes through tissues (point 
4) and stimulate leukocytes to release 
inflammatory mediators such as 
histamine and proteases (point 5).. At 
present, there are many drugs in 
preclinical and clinical development that 
target one or more of these points 
(Table 1). Selectin inhibitors operate at 
point 1; integrin inhibitors may operate 
at points 1 , 3 and 4; chemoattractant 
receptor inhibitors operate at points 2, 4, 
5 and 6; and S1P receptor-based drugs 
such as FTY-720 operate at point 7. 
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FIGURE 11.7 

Tw^nechanism Left: 
Mot ile bacteria move about by short, 
seemingly random "darts" interrupted 
by "tumbles". They advance along a 
gradient by prolonging the darts in 
the favorable direction, as if they had 
a memory of the concentration from 
which they ha ve last moved. Right: 
Responsive eukaryotic cells move to- 
ward a favorable stimulus because 
they can sense the gradient of that 
stimulus along their body. 
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Figure 2 Principles of leukocyte-substrate interactions and guidance. ( c ) Chemotaxis is induced by 

soluble, freely diffusing compounds that lead to preferential signaling and actin-rich protrusions at the leading edge. Chemotaxis adds a direction to 2D and 
3D haptokinetic migration. (d) Haptotaxis is the directed migration toward chemoattractants that are immobilized on tissue structures, such as interstitial 
collagens or a stromal celi network. 





Figure 4.1 1. During direc : onal move- 

ment (chemotaxis) the neutrophil becomes polarised, assuming an anterior V.ad\ which is 
flattened and free of cytoplasmic granules, and a posterior 'tail\ ^ 
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Fig. 10.42 - Meccanismo della migrazione cellulare. Sequenza delle tappe della motilità stimolata da un gradiente chemiotattico. 





GURE II. 6 

lustrating how receptors stored on 
ie inner surface of leukocyte graiv 
ules can be transferred to the surface 
of the celi and increase its responsive- 
ness to a chemotactic stimulus. 
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a Immobile b Polarization, random migration 




Figure 1 Morphology, surface receptors and signaling in amoeboid leukocyte migration. (a) Round morphology of immobile or freely floating leukocyte, including 
uniform distribution of surface receptors and cytoskeleton. (b)^moeboic^|^ (c) Surface 

receptors, cytoskeletal structure and signaling events in the leading edge, lateral portion of the celi body and uropod. Class I PI(3)Ks are lipid kinases that 
phosphorylate phosphatidylinositol-(3,4)-bisphosphate (PIP2) to phosphatidylinositol-(3,4,5)-trisphosphate (PIP3). PIP3 isthought to form multimers at the 
inner leaflet of the plasma membrane that serve as docking and activation site for pleckstrin-homology (PH) domain-containing proteins, including Akt (protein 
kinase B). Other pathways directly and indirectly triggered by chemoattractant receptors are Ras and p38 and DOCK2. As centrai effector of these pathways, 
Rac mediates the formation of actin filaments that move the plasma membrane forward. Other surface receptors, including TCR and FcR, activate the tyrosine 
kinases Lek and Src and downstream PI(3)K-5. (d) The mid-portion contains actomyosin filaments that are under the control of Rho and ROCK, (e) The uropod 
forms an adhesive and contractile rear that contains microtubules and mitochondria. CK, cytokine-, ERM, adaptor proteins of the ezrin-radixin-moesin family-, 
GM-1, monosialotetrahexosylganglioside-, MTOC, microtubule-organizing center; Vav, Vav-family guanine-nucleotide exchange factor. 




Figure 3 Leukocyte migration in different environments in vivo, (a) Interstitial leukocyte migration in loose connective tissue. Such preformed tracks of 
least resistance are present along most basement membranes (BMs), including those lining blood vessels and below epithelia that are particularly receptive 
to edematous swelling and enlargement of ECM gaps and tracks 41 . (b) Migration along cellular networks in lymphoid organs, such as fibroblastic reticular 
cells 63 (FRCs) or DC networks 64 in the T celi zone in lymph nodes. (c) Intraepithelial migration and positioning. After reverse transmigration through the 
basement membrane, leukocytes migrate briefly along celi— celi junctions until stable positioning is reached. In epidermis, integrin a E p 7 in lymphocytes is 
the counterpart receptor for epithelial E-cadherin. (d) Intratumoral migration guided by cell-matrix and celi— celi contacts. CK, cytokine. 
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Skilì WindOW model (Senn et al., JLCM 1969;74:742) 




SCHEMA DEI FATTORI CHEMIOTATTICI 



molecole ad attività' chemiotattica 


esogene 


— proteine e polipeptidi di derivazione batterica 




— lipidi di derivazione batterica 




— proteine eterologhe 




— peptidi di sintesi 


endogene 


— fattori del complemento attivato (frammenti del C3, 




del C5, complesso C567) 




— prodotti dei sistemi della coagulazione, della fibrinolisi e delle 




chinine) 




— prodotti da cellule (granulociti, monociti, linfociti, 




mastcellule, piastrine) 




— sostanze derivate dai tesuti danneggiati (da scissione di proteine, 




composti del sistema postaglandinico come endoperossidi 




ciclici, trombossani, prostaglandine E v idrossiacidi) 



Tabella 13.5 - Fattori chemiotattici. 

Origine batterica (fMLP) 
Origine lipidica (PAF, LTB4) 
Origine proteica: 

- Cascata del complemento (C5a, C3a) 

- Citochine (TGFp) 

- Chemochine 




FIGURE 11.5 

Effectiveness of six inflammatory 
agents in causing neutrophil emigra- 
tion into rabbit skin. Endotoxin is 
considerably more powerful than 
leukotriene B 4 or the complementi' 
derived chemotaxin C5a des Arg. 
(Adaptedfrom [110].) 
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Structure of chemokine classes 
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TABLE 3-2 Chemokines and Chemokine Receptors 
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FIGURE 3-1 The main functions served by leukocyte migration from blood into tissues. A, Neutrophils and monocytes that 
arise in the bone marrow are recruited into tissue sites of infection or injury, where they eliminate infectious pathogens, clear dead tissues, and repair 
the damage. B, Naive lymphocytes that arise in bone marrow or thymus home to secondary lymphoid organs, such as lymph nodes (or spleen, not 
shown), where they become activated by antigens and differentiate into effector lymphocytes. C, Effector lymphocytes arising in secondary lymphoid 
organs migrate into tissue sites of infection, where they participate in microbial defense. 
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FIGURE 3-6 Migration of naive and effector T lymphocytes. A, Naive T lymphccYtes home to lymph nodes as a result of L-SQlectin 
binding to its ligand on high endothelial venules. which are present onry in ryrnph nodes. and as a result of binding chemokines (CCL19and CCL21) 
displaved on the surface of the high endothelial venule. Activated T Ivmphocvtes. including effector cells. home to sites of infection in peripheral 
tissues. and this migration is mediated by E-selectin and P-selectin, integrins, and chemokines that are produced at sites of infection. Additional 
chemokines and chemokine receptors. besides the ones shown. are involved in effector/memory T celi migration. B, The adhesion molecules. che- 
mokines. and chemokine receptors invoK/ed in naive and effector/memory T celi migration are described. 
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"igure I. Chemokines and chemokine receptor families. Most chemokines can interact with multiple receptors. and a single receptor can interact with multiple 
;hemokines. This is the case for most CC (red) and CXC (green) chemokines. Decoy receptors (black) can also bind multiple chemokines. By contrast, a minority of 
eceptors (blue) have only one ligand. 
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Table2 

CXC chemokine receptor family and inflammatory cells (Murphy et aL, 2000; Horuk, 
2001: Koch. 2005: Burns et aL, 2006: Charo & Ransohoff, 2006: Smit & Lukacs. 2006: 
Alien et al, 2007: Palmqvist et aL, 2007: Savarin-Vuaillat & Ransohoff, 2007: Viola & 
Luster. 2008: Horuk. 2009). 



Receptor Ligands Expression 
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Urie 3 

CC chemokine receptor family and inflammatory ceils (Murphy et aL, 2000: Horuk, 
2001: Koch. 2005: Charo & Ransohott, 2006: Smit & Lukacs, 2006: Alien et aL, 2007: 
Palmqvist et al, 2007: Savarin-Vuaillat & Ransohott. 2007: Viola & Luster, 2008). 
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Table4 

C and CXjC chemokine receptor and inflammatory ceils (Murphy et aL, 2000: Koch, 
2005: Charo & Ransohoff, 2006: Smit & Lukacs, 2006: Alien etaL, 2007: Palmqvist et ai. 
2007: Savarin-Vuaillat & Ransohoff, 2007: HartI et aL, 2008: Viola & Ulster, 2008). 



Receptor 


Ligands 


Exp re ssion 


XCR1 


xai, 


Tcell, NK celi, mast celi 




XCL2 




CX j CRI 


CX3CL1 


Neutro ph il, mono/macrophage DC T H 1 celi, NK celi. 






endothelial celi 



REGULATION OF THE CHEMOKINE SYSTEM 





Resting 




Basophil 




Eosinophil 



T lymphocyte 




Activated 




Monocvte 



AA/lcCRl 


AAA/cxri 




AAA/CCR2 


AAA/CXR2 




AAA;ccr3 


AAA/CXR3 




AA/l CCR4 


AAA/CXR4 





FIGURE 15-9 



Patterns of expression of some principal chemokine est variety of chernokine receptors has been observed on activated 
receptors on different classes of human leukocytes. So far the great- T lymphocytes. [Adapted troni M. Baggblini 1998, Nature 392:565.] 



Table 1. Major human and murine neutrophil-active chemoattractants and their receptors expressed on neutrophils. 
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Notes: The human and mouse chemokine system is notcompletely orthologous. Forexamplc, IL 8and GCP 2are notfound in mice; MIP-I7ÌS notfòund in humans; CCR1 is 
not an important receptor on human neutrophils; and CXCR1 is not an important receptor on murine neutrophils. "rVa" stands fior norvapplicable. HCC-2 and MPIF-1 have 
also been given the systematic names CCL15 and CCL23, respectively [76). 
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Figure 2. Recruitment of neutrophils into the joint in immune complex-induced arthritis is mediated by a temporal cascade of chemoattractants. (a) At carly time points, 
LTB 4 is required lo recruit and adivate a small number of neutrophils. (b) These recruited neutrophils rclcasc IL-1[i in the joint, which induces the release of predominanti 
CCR1 ligands at first and later CXCR2 ligands from cells in the joint. (c) CCR1 ligands are required to recruit the next wave of neutrophils into the joint and this recruitment 
of neutrophils is broadly amplified in the last step of the cascade when (d) CXCR2 ligands released form neutrophils themselves potently recruit large numbers of 
neutrophils into the joint 
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Figure 1. Phenotype of monocyte subsets. Inflammatory (left) and resident (right) monocytes differenti al ly express celi adhesion molecules and chemokine receptors, thus 
implying alternate recruitment mechanisms. 
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